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COMPONENT, APPARATUS, AND METHOD FOR 
ANALYZING MOLECULES 

Background of Invention 

Field of the Invention 

[0001] This invention relates to a component, an apparatus, and a method for 
analyzing molecules, and more particularly to a component, an apparatus, and a 
method for detecting emission signals from target molecules. 

Description of the Prior Art 

[0002] A method for detecting chemical interactions between two materials has 
been conventionally used representatively to determine whether DNA 
hybridization has occurred. For example, a plurality of probe molecules are 
provided on a substrate for possible reactions with sample molecules carrying 
binding partners. The sample molecules are fiuorescently or electrochemically 
labeled. It is possible to estimate presence or degree of interactions between each 
probe molecule and each sample molecule by detecting emission signals from 
labeled molecules. The substrate including those target molecules may be referred 
to as a chip or an array. 

[0003] In Fig. 6, there is shown a light detecting apparatus 37 employed in such a 
conventional method. The apparatus 37 includes a substrate 49 on which a 
plurality of samples 38 are arranged, an object lens 42, a beam splitter 43, a mirror 
44, an emission filter 45, a light receiving lens 46, a focus pinhole 47, and a light 
receiver 48. Excitation beams 40 projected by an excitation beam generator (not 
shown) are reflected by the beam splitter 43 and directed to a sample 38. The 
sample 38 excited by the beam emits emission signals 41. Emission signals 41 are 
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received by the object lens 42 which is disposed over the sample 38, passed 
through the beam splitter 43, lead to the emission filter 45 by way of the mirror 44, 
gathered by the light receiving lens 46, eliminated of noise signals by the focus 
pinhole 47, and detected by the light receiver 48. 

[0004] When electrochemically labeled materials are included in the sample 38, 
the excitation beam 40 is not applied, but emission signals 41 are emitted from the 
sample 38 and received by the light receiver 48 in the same way. 

[0005] The emission signal 41 emitted from the sample 38 is weak. Furthermore, 
according to the conventional apparatus 37, the amount of the emission signals 
that can be detected depends on a numerical aperture (NA) of the object lens 42, 
which means that only emission signals that emitted within the area of the object 
lens 42 can be detected. Therefore, most of the amount of the emission signals 41 
is not detected, and the efficiency of detecting signals is not desirable. 

Summary of the Invention 

[0006] According to one embodiment of this invention, there is provided a 
component for analyzing molecules which includes a transparent substrate having 
a plurality of pixel locations on a first surface thereof, each location including at 
least one target molecule, a reflecting plate arranged to face an opposite side of the 
first surface of the substrate, and a. micro lens array interposed between the 
substrate and the reflecting plate, which includes a first lens array next to the 
substrate, a second lens array next to the reflecting plate, and a medium layer 
interposed between the first and second lens arrays, wherein each lens of the 
second lens array has its focus on each opposing lens of the first lens array, and 
the first lens array and the second lens array focus into an image of each of the 
target molecules on the reflecting plate. 
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[0007] According to one embodiment of this invention, there is provided a 
component for analyzing molecules that includes a transparent substrate having a 
plurality of pixel locations on a first surface thereof, each location including at 
least one target molecule, and a corner cube array arranged to face an opposite 
side of the first surface of the substrate, and designed to reflect an incoming ray of 
light exactly in the same direction as it entered the corner cube array, 

[0008] According to one embodiment of this invention, there is provided a method 
for analyzing molecules that includes steps of applying an excitation beam 
generated by an excitation beam generator to at least one target molecule arranged 
on a transparent substrate, controlling optical paths of emission signals emitted 
from the excited at least one target molecule by a micro lens array or a corner cube 
array, detecting the emission signals, and analyzing one or more values of detected 
emission signals. 

Brief Description of Drawings 

[0009] The above and other features of this invention will be more clearly 
understood from the following detailed description provided in conjunction with 
accompanying drawings, of which; 

[0010] Fig. 1 is a simplified, sectional view of a light detecting apparatus 
according to a first embodiment of this invention; 

[0011] Fig. 2 A is a simplified partial sectional view showing a configuration of a 
component employed in the apparatus of Fig. 1 ; 

[0012] Fig. 2B is a simplified partial sectional view showing a configuration of 
another component employed in the apparatus of Fig. 1; 

[0013] Fig. 3 is a simplified partial sectional view of a component employed in the 
apparatus of Fig. 1; 
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[0014] Fig. 4 is a simplified sectional view of a light detecting apparatus according 
to a second embodiment of this invention; 

[0015] Fig. 5 is a simplified partial sectional view of a light detecting apparatus 
according to a third embodiment of this invention; and 

[0016] Fig. 6 is a simplified sectional view of a conventional light detecting 
apparatus. 

Detailed Description of the Invention 

[0017] Fig. 1 shows a simplified sectional view of a light detecting apparatus 
according to a first embodiment of this invention. 

[0018] A light detecting apparatus 1 includes a light detecting system 22 and a 
component 2 disposed under the light detecting system 22. The light detecting 
system 22 includes an object lens 12, a beam splitter 13, a mirror 14, an emission 
filter 15, a light receiving lens 16, a focus pinhole 17, and a light receiver 18. 

[0019] The component 2 includes a main substrate 19 having a plurality of samples 
3 arranged on a first surface thereof, a first substrate 4, a micro lens array 21, a 
second substrate 8, and a reflecting plate, arranged in the order shown in Fig. 1 . 

[0020] The micro lens array 21 includes a first lens array 5 next to the main 
substrate 19, a second lens array 7 next to the reflecting plate 9, and a. medium 
layer 6 interposed between the first array 5 and the second lens array 7, wherein 
each lens of the second lens array 7 has its focus on each opposing lens of the first 
lens array 5, and the first lens array 5 and the second lens array 7 focus into an 
image of each of the samples 3 on the reflecting plate 9. The samples 3 may be 
disposed directly on the first substrate 4 or the first lens array 5 without using the 
main substrate 19. 
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[0021] With the use of the component like this, emission signals emitted from the 
sample in the direction of the micro lens array can be controlled by the functions 
of the micro lens array and the reflecting plate so as to return to the point where 
the signal was emitted. 

[0022] The medium layer 6 can be made of any material that is light permeable 
such as light permeable resin. The medium layer 6 integrates the first lens array 5 
and the second lens array 7. Integrating the first lens array 5 and the second lens 
array 7 makes handling easier and keeps both lens arrays in position even if time 
passes. 

[0023] The medium layer 6 also can be made of gas. In such a case, the first lens 
array 5 and the second lens array 7 may be integrated at the ends of the micro lens 
array 21 where lenses are not formed. In such a case, the difference of the 
reflective indexes between the both lens arrays and the medium layer is great, and 
the NA of the lens is large. Therefore, the amount of emission signals that can be 
captured by the lens increases and the light detecting efficiency is improved. 

[0024] The main substrate 19, the first substrate 4, the micro lens array 21, and the 
second substrate 8 are made of transparent material that permeates emission 
signals. 

[0025] An operation of the light detecting apparatus 1 will be described 
hereinafter. Excitation beams 10 projected by an excitation beam generator (not 
shown) are reflected by the beam splitter 13 and directed to samples 3. A 
fluorescently labeled sample excited by the beam emits emission signals 11. 
Emission signals 11a emitted in the direction of an object lens 12 are received by 
the object lens 12 within the limits of the NA of the lens. On the other hand, 
emission signals lib emitted in the direction of the micro lens array 21 are 
received by the first lens array 5, refracted at one boundary between the first lens 
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array 5 and the medium layer 6 and another boundary between the medium layer 6 
and the second lens array 7, and reflected by the reflecting plate 9. 

[0026] Total emission signals 11 captured by the object lens 12 are passed through 
the beam splitter 13, lead to the emission filter 15 by way of the mirror 14, 
gathered by the light receiving lens 16, eliminated of noise signals by the focus 
pinhole 17, and detected by the light receiver 18. 

[0027] An excitation beam 10 that passes through the sample 3 is also received and 
refracted by the micro lens array 21 and reaches the reflecting plate 9. If the 
excitation beam 10 is reflected by the reflecting plate 9 and captured by the object 
lens 12, it would be a "noise." However, if a reflecting plate that can permeate or 
absorb light having a predetermined wavelength, such as a band-pass filter, is 
employed, the excitation beam 10 is not reflected by the reflecting plate 9. With 
the use of a specific type of reflecting plate 9 like this, only the emission signals 
emitted, from the sample can be reflected by the reflecting plate 9, and detection 
of the signals is made with high efficiency. 

[0028] The relationship between the refractive index and the configuration of the 
first lens array 5, the second lens array 7, and the medium layer 6 will be described 
hereinafter. Assuming the refractive index of the first lens array 5 is nl, the 
refractive index of the medium layer 6 is n2, and the refractive index of the second 
lens array 7 is n3, in a case in which each of the lens arrays is convexly curved 
against the outer surface of the component as shown in Fig. 1, the relationships of 
the refractive indexes are nl<n2 and n3<n2. 

[0029] The medium layer 6 can be made of gas or resin. If some resin is used as a 
medium layer 6, the coefficient of thermal expansion of that resin may be almost 
the same as those of the first lens array and the second lens array. This improves 
tolerance to the surroundings and decreases deterioration of micro lens array as 
time passes. 
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[0030] In a case in which each of the lens arrays is concavely curved against the 
outer surface of the component (not shown in any drawings), the relationships of 
the refractive indexes are nl>n2 and n3>n2. In a case in which the first lens array 
5 is convexly curved and the second lens array 7 is concavely curved against the 
outer surface of the component (not shown in any drawings), the relationships of 
the refractive indexes are nl<n2<n3, and vice versa. 

[0031] Fig. 1 is a schematic view, and is drawn irrespective of the difference 
between the refractive index of each component. 

[0032] In Fig. 2 A and 2B, there are shown simplified partial sectional views 
representing a configuration of a component employed in the apparatus of fig. 1. 
These figures show the optical path of emission signals lib) emitted from the 
sample 13 in the direction of the micro lens array. In Fig. 2A and 2B, the first 
substrate 4, the second substrate 8 etc. are not drawn for convenience of 
explanation. 

[0033] Each lens 5a of the first lens array 5 and each lens 7a of the second lens 
array 7 are arranged so that each lens 7a has its focus on the surface (i.e. the 
boundary between the first lens array 5 and the medium layer 6) of each opposing 
lens 5a. In one embodiment, each lens 7a has its focus at the middle of the surface 
of each opposing lens 5a. Therefore, among emission signals lib emitted from 
the fluorescent molecules 20a, 20b, and 20c, emission signals lip that pass a point 
P (i.e., a focus of the lens 7a) on the surface of the lens 5a are refracted by the 
micro lens array to be parallel with each other, and reach the reflecting plate 9 at 
points A, B, and C. Each emission signal lip reflected by the reflecting plate 9 
travels back to the positions of the fluorescent molecules 20a, 20b, and 20c by way 
of the point P, and is emitted from those positions in the direction of the object 
lens. 
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[0034] The configurations and the refractive indexes of the lens 5a, the lens 7a, and 
the medium layer 7 are determined so that an image of fluorescent molecules 20 is 
formed on the reflecting plate 9. Therefore, among emission signals lib emitted 
from the fluorescent molecules 20a, 20b, and 20c, emission signals that do not 
pass a point P are also refracted by the first lens array 5 and the second lens array 
7, and reach the reflecting plate 9 at points A, B, and C. 

[0035] In a case in which a point P (i.e., a focus of the lens 7a) is provided at the 
middle of the surface of the lens 5a, emission signals lib received by the first lens 
array 5 within the limits of the NA reach the reflecting plate 9 at points A, B, and 
C with substantially symmetrical incident angles. Therefore, almost all of the 
emission signals lib reflected by the reflecting plate 9 return to the positions of 
the fluorescent molecules 20a, 20b, and 20c, and are emitted from those positions 
in the direction of the object lens. 

[0036] The point P is not necessarily at the middle of the surface of the lens 5a, 
and emission signals lib return to the positions of the fluorescent molecules 20a, 
20b, and 20c, by following almost the same paths as long as the point P is 
provided on the surface of the lens 5a. 

[0037] As described above, emission signals lib emitted from the fluorescent 
molecules 20a, 20b, and 20c in the direction of the micro lens array 21 are 
returned to the positions of the fluorescent molecules 20a, 20b, and 20c by the 
functions of the micro lens array 21 and the reflecting plate 9, emitted from those 
positions as if they were originally emitted from the fluorescent molecules 20a, 
20b, and 20c in the direction of the object lens 12, and detected by the light 
detecting system 22. 

[0038] With the use of the component as described above, almost twice as many 
emission signals from each fluorescent molecule 20 as before are captured by the 
light receiver 18. 
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[0039] The reflecting plate 9 may have a flat surface as shown, in Fig. 2 A or a 
curved, surface as shown in Fig. 2B. An aberration of the micro lens array fails to 
focus into an image of each fluorescent molecule 20a, 20b, and 20c on the same 
plane. In a case in which the reflecting plate 9 has a curved surface, however, the 
aberration of the micro lens array 21 is counteracted. Therefore, reflected signals 
are precisely returned to the positions of the fluorescent molecules 20a, 20b, and 
20c. Further, the curved surface of the reflecting plate 9 makes reflecting angles at 
points A, B, and C on the reflecting plate 9 smaller, so that reflected signals are 
efficiently returned to the original positions even if the reflected signals are 
emitted from a fluorescent molecule placed near the side of the sample 3. 

[0040] The micro lens array 21 may also be composed of more than three lens 
arrays. With the use of more than three lens arrays, an aberration of the micro lens 
array can be counteracted, and optical characteristics of the micro lens array 
improve. Fig. 3 shows a simplified partial sectional view of a component 
employed in the apparatus of Fig. 1. As shown in Fig. 3, a spacer 26 may be used 
between the first lens array 5 and the second lens array 7 at the ends of the lens 
arrays where lenses are not formed. The spacer 26 makes it easier to adjust the 
disposition of the lens arrays. 

[0041] Fig. 4 shows a simplified sectional view of a light detecting apparatus 27 
according to a second embodiment of this invention. The light detecting apparatus 
27 includes a light detecting system 22 and a component 30. The light detecting 
system 22 is the same as one described in Fig. 1, and is not explained again here. 

[0042] The component 30 includes a transparent substrate 29 having a plurality of 
samples 3 on a first surface thereof and a corner cube array 31 arranged to face an 
opposite side of the first surface of the substrate and designed to reflect an 
emission signal 1 1 emitted from a sample 3 in the same direction as it entered the 
corner cube array 31. A prism that reflects an incoming ray of light exactly in the 
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same direction as it entered the prism is referred to as a corner cube array. A 
corner cube array may be provided with a band-pass filter 28. 

[0043] An operation of the light detecting apparatus 27 will be described below. 
Excitation beams 10 projected by an excitation beam generator (not shown) are 
reflected by the beam splitter 13 and directed to samples 3. A fluorescently 
labeled sample 3 excited by the beam emits emission signals 1 1 . Emission signals 
11a emitted in the direction of the object lens 12 are received by the object lens 12 
within the limits of the NA. Also, emission signals lib emitted in the direction of 
the corner cube array 31 are reflected on the several reflecting surfaces of the 
corner cube array 31, returned to the position of the sample 3, and received by the 
object lens 12. The emission signals 11a and lib received by the object lens 12 
are passed through the beam splitter 13, lead to the emission filter 15 by way of 
the mirror 14, gathered by the light receiving lens 16, eliminated of noise signal by 
the focus pinhole 17, and detected by the light receiver 18. 

[0044] An excitation beam 10 that passed through the sample also reaches the 
corner cube array 31. If the excitation beam 10 is reflected by the corner cube 
array 31 and captured by the object lens 12, it would be a "noise." However, if 
reflecting plate that can permeate or adsorb light having a predetermined 
wavelength, such as a band-pass filter 28, is provided with the corner cube array 
31, the excitation beam 10 is not reflected by the corner cube array 31. Therefore, 
only emission signals emitted from the sample can be reflected by the corner cube 
array 31, and light detection is made with high efficiency. 

[0045] As described above, emission signals lib emitted from a fluorescent 
molecule in the direction of the corner cube array 3 1 are returned to the position of 
the fluorescent molecule by the function of the corner cube array 31, emitted from 
that position as if they were originally emitted from the fluorescent molecule in 
the direction of the object lens 12, and detected by the light receiver 18. 
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[0046] With the use of the component as described above, almost twice as many 
emission signals from each fluorescent molecule as before are captured by the 
light receiver 18. 

[0047] In one embodiment, the corner cube array 31 is designed such that the 
width of each prism of the corner cube array 31 is narrower than the width of each 
sample 3, whereby emission signals emitted from the sample 3 in the direction of 
the corner cube array 31 are returned to the position of the sample 3 efficiently. 

[0048] As shown in Fig. 4, the incident angle 6 with which the emission signal lie 
emitted from the sample 3 into the reflecting surface of the corner cube array 31 is 
maximally sin^n^a), that is critical angle where n a is the refractive index of the 
substrate 29 and n b is the refractive index of the sample 3. Assuming the area 
where corner cubes are formed is area A, the area vertically projected on the 
reflecting surface of the corner cube array 31 where the samples 3 are arranged is 
area B, the distance from the sample 3 to the reflecting surface of the corner cube 
array 31 is d, and the incident angle with which the emission signal lie emitted 
from the sample 3 into the reflecting surface of the corner cube array 31 is 0, in 
one embodiment, the extremity of area A is apart from the extremity of area B by 
at least d-tan 0, so that emission signals emitted from a sample disposed near the 
end of the substrate can be successfully reflected. When n a is 1.5, for example, 0 
would be maximally 42°. Therefore, the extremity of the area A should be apart 
from one of the area B by at least d. 

[0049] As described above, with the use of the light detecting apparatus according 
to an embodiment of the invention, emission signals emitted in the opposite 
direction of the object lens are detected as well as emission signals emitted in the 
direction of the object lens. Therefore, weak signals can be detected efficiently. 

[0050] The embodiments described above are provided for analyzing fluorescently 
labeled molecules, but it is clear that electrochemically labeled molecules can be 
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analyzed with the same effects according to embodiments of the component of the 
invention. In a case in which electrochemically labeled materials are used, the 
application of the excitation beam 10 is not necessary, and use of a band-pass filter 
is not necessary. 

[0051] In the embodiments described above, the light detecting system 22 is 
explained when a photo-multiplier is used as a light receiver 18. As shown in Fig. 
5, however, a CCD camera 23 can be substituted for the light detecting system 22. 
The micro lens array in Fig. 5 may be replaced by a corner cube array. The CCD 
camera can read a plurality of emission signals at one time, and there is no need 
for scanning the substrate. 

[0052] The apparatus and the method according to embodiments of the invention 
are particularly useful in determining DNA hybridization but may be useful in 
detecting interactions in any chemical assay. Other applications of embodiments 
of the method include analysis of single nucleotide polymorphism (SNP), 
measurement of the concentration of an ion in a cell, identification of a protein, 
analysis of a function of a protein, and analysis of the process or the state of 
metabolism, absorption, and excretion of a material dosed in an experimental 
mouse. Also, embodiments of the method can be applied to medical check for 
health care or individual certification for security system. 

[0053] Although various exemplary embodiments have been shown and described, 
the invention is not limited to the embodiments shown. The dimensions, 
materials, configurations, the relative arrangements of components described in 
the embodiments are intended to be typical or illustrative, rather than limiting. 
Therefore, the scope of the invention is intended to be limited solely by the scope 
of the claims that follow. 
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